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cell expresses parathyroid hormone and a parathyroid hormone receptor protein. 



REMARKS 

Claims 24-28 are pending in the Subject Application. Claims 11, 12, 14-17 and 19-23 
have been previously cancelled, and claims 24, 25, 26 and 27 have been amended. 



Applicants wish to thank the Examiner for his comments in the telephone conference of 
October 19, 2004, clarif^dng his position regarding the Advisory Action of October 12, 2004. 

The Examiner noted that the wrong "status identifier" was used for claim 28. 
Applicants have, in the present response, addressed the "status identifier" objection raised by 
the Examiner, and submit that the Amendment presented herein conforms to accepted 
practice. 

The Examiner maintained his allegation the term "organized" introduced in amended 
claims 24-28, changes the scope of the invention, necessitating a new search, and allegedly 
raising new 112 1^ and 2"^ paragraph issues. Applicants respectfully disagree. 

The subject Application clearly provides literal support for the term "organized bone 
formation". On Page 25, lines 12-21 (please note underlined sections): 

"Four weeks after transplantation, in non-union radial sites into which 
were transplanted C3H-BMP2 cells, we obsers'^ed a unique 
regeneration process, which included well organized new growth of 
bone and cartilage within the boundaries of the fi-acture edges. In 
addition, a collar of differentiating and calcifying chondrocytes was 
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formed around the original edge of the bone defect.... In all of the 
other experimental groups, including the group that received collagen 
sponges canying rhBMP-2 protein, any bone or cartilage observed 
was formed in a disorganized manner." 

Applicants submit that the phrase "well organized, new growth of bone" provides written 
description for the phrase "organized bone formation". Further, Apphcants contend that the 
examples by defmition represent embodiments of the invention. 

The Examiner has alleged that the "degree of organization" that satisfies the limitation of 
"organized functional bone formation" is unclear. Applicants disagree. 

Applicants have clearly indicated on Page 25, italicized section in the paragraph cited 
above, that the level of organization is demonstrated by the examples provided. Organized 
bone formation occurs "within the boxmdaries of the fracture edges". Further, on Page 26, 
lines 12-14, the degree of organization is described as: 

"Following C3H-BMP-2 transplantation, bone and cartilage formed 
around the fracture edge appeared organized and oriented according to 
the original pattern of radial bone, thus better reconstructing its 
original structure". 

One skilled in the art would necessarily understand that the claimed "organized bone 
formation" occurs at a site of bone infirmity, in an orientation according to the original pattern 
of radial bone, to better reconstruct its original structure, which produced the resulting 
functional bone. 

Moreover, the term "organized" is an art recognized term. Apphcants submit that the 
term "organized", as defined ui the Merriam- Webster's Dictionary (10* Edition, at p^e 819, 
the excerpt of which is attached hereto as Appendix 1), is "to cause to develop an organic 
structure, or to form into a coherent unity or functioning whole". Applicants have clearly 
demonstrated the formation of a coherent unity and functioning whole, in the bone formed as 
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a result of implantation of ex-vivo cultured, MSC engineered to express BMP -2 (as described 
hereinabove, in reference to the excerpts from pages 25 and 26, supra). 

The Examiner has alleged that the inclusion of the term "organized" changes the scope 
of the invention and necessitates a new search. Applicants respectfiilly disagree. Applicants 
submit that the term "organized" does not broaden the scope of the claims, and thus does not 
necessitate a new search. 

AppHcants also wish the Examiner to consider the foUowmg arguments (also set forth 
by the Applicants in a September 27, 2004 response to the June 15, 2004 Office Action, 
issued by the USPTO, which was not admitted by the Examiner): 

REJECTION UNDER 35 U,S.C 112: 

In the Office Action, the Examiner alleged that the subject matter does not reasonably 
convey to one skilled in the art that the inventor at the time the AppHcation was filed was in 
possession of the invention, hi particular, the rejection was based on claims directed to 
mesenchymal stem cells. 

Applicants respectfully disagree. Example 11 of the subject Apphcation clearly 
demonstrates the successful use of ex-vivo C3H10T1/2 cells transformed/transduced with 
BMP-2, for implantation at a site of a bone infirmity, resulting in the formation of organized, 
functional, bone formation at the defect site, in particular along the defect edges. AppUcants 
maintain that one skilled in the art would know and imderstand that C3H10T1/2 cells are 
representative of mesenchymal stem cells, and Applicants maintain the following references 
support that such knowledge was in possession of one skilled in the art, at the time of the 
filing of the Application. The references are: 

1) Nakamura T, Aikawa T, Iwamoto-Enomoto M, Iwamoto M, Higuchi 
Y, Pacifici M, Kinto N, Yamaguchi A, Noji S, Kurisu K, Matsuya T, 
Maurizio P. Induction of osteogenic differentiation by hedgehog 
proteins. Biochem Biophys Res Commun. 1997 Aug 18; 237(2):465-9. 

2) Ahrens M, Ankenbauer T, Schroder D, HoUnagel A, Mayer H, Gross 
G. Expression of human bone morphogenetic proteins-2 or -4 in murine 
mesenchymal progenitor C3H10T1/2 cells induces differentiation into 
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distinct mesenchymal cell lineages. DNA Cell Biol. 1993 Dec; 
12(10):871-80. 

Thus, contrary to the Examiner's assertion, there is support in the specification as filed for the 
term "mesenchymal stem cell" 

REJECTION UIVPER 35 U.S.C. S 103: 

In the Office Action, the Examiner rejected claims 24-26 under 35 U.S.C. § 103 as 
allegedly being unpatentable over Ahrens et al, in view of US Patent No. 5,763,416 and US 
Patent No. 6,048,964. The Examiner asserted that based on Ahrens et al, in view of US 
Patent No. 5,763,416 and US Patent No. 6,048,964, it would have allegedly been obvious to 
one of ordinary skill in the art to combine to make the claimed invention, that of preparing ex- 
vivo cultured stem cells transformed with BMP-2 for implantation at a site of a bone 
infirmity. 

In response. Applicants traverse the rejection of claims 24-26 under 35 U.S.C. § 103. 
Applicants maintain that Ahrens et al, in view of US Patent No. 5,763,416 and US Patent No. 
6,048,964, do not render the claimed invention obvious, nor would a person of ordinary skill 
in the art have had a reasonable and/or credible expectation of success in obtaining the instant 
claimed invention given the teachings of Ahrens et al, in view of US Patent No. 5,763,416 
and US Patent No. 6,048,964. The Examiner has alleged that Bonadio discloses the use of 
bone progenitor cells transformed with a BMP for stimulating bone formation. 

Applicants respectfully disagree. Applicants maintain that although Bonadio suggest 
the use of bone progenitor cells for stimulating bone fomiation, such a suggestion is merely 
speculative and not credible, in view of what Bonadio demonstrated, and the knowledge in the 
art at the time. 

Bonadio demonstrates only direct gene transfer of a bone morphogenetic protein. 
Bondaio asserts that the constructs are targeted to progenitor cells, however, there is no 
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credible support for such a contention, nor is it likely that direct transfer of a nucleic acid to a 
site of bone infirmity is appreciably taken up in situ by a bone progenitor cell. Applicants 
submit in a Declaration herein (attached hereto as Appendix 2) that Bonadio describes the use 
of an adenoviral vector for gene transfer experiments for in vivo bone regeneration, however 
adenoviral vector uptake is mediated by the CAR receptor, whose expression has been shown 
to be drastically diminished, if not absent in hematopoietic progenitor cells, as compared to 
their differentiated counterparts. Hematopoieitic progenitor cells in fact, are more 
differentiated than mesenchymal stem cells, and therefore it is unlikely that an even less 
differentiated cell type will exhibit appreciable CAR expression. The Rebel et al article, as 
described in the Declaration, further indicates that gene transfer does not appreciably occur in 
cells, which have diminished CAR expression. Thus, in the absence of a demonstration to the 
contrary , one skilled in the art, would assume, based on the foregoing, that adenoviral transfer 
of a gene would not be successful in progenitor cells in situ. 

Bonadio further describes the use of DNA-soaked sponges as another means of gene 
delivery, wherein the DNA is purportedly taken up by progenitor cells. Applicants submit, as 
described in the attached Declaration, that less differentiated cells have less propensity toward 
DNA uptake, similar to adenoviral uptake, and therefore neither method described by 
Bonadio provides for appreciable uptake of a foreign DNA sequence by mesenchymal stem 
cells. Thus, one skilled in the art would not credibly believe that Bonadio could predict 
uptake of a construct in situ by progenitor or stem cells. 

Further, the Examiner has alleged that the motivation to combine the Bonadio and 
Ahrens references need only take into account a reasonable expectation of success in treating 
a site of bone infirmity in a human through the use of cultured mesenchymal stem cells that 
overexpress BMP-2, and the fact that Applicants data demonstrates the presence of autocrine 
and paracrine effects such cells demonstrates the fact that these mechanisms are necessarily 
present. Applicants respectfully disagree. Applicants maintain that there is no motivation to 
combine these references with a reasonable expectation of success for inducing organized, 
functional bone formation at a site of bone infirmity in a human. 
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Though Bonadio describes that progenitor cells are targeted by his gene transfer 
methods, such a conclusion is not credible, in lieu of direct demonstration by Bonadio that 
such is the case, as much of the cell population targeted is not a stem or progenitor cell, 
moreover, uptake of the DNA by such cells in situ^ according to one skilled in the art is 
drastically reduced, such that Bonadio does not credibly provide a foundation that BMP gene 
transfer provides more than paracrine effects for healing a bone infirmity. 

While Ahrens provides for in vitro responses of progenitor cells to a group of 
osteoinductive compounds, which include inter-alia, a BMP, Ahrens provides no basis for 
the likelihood that implantation of such cells, transduced only with a BMP-2 vector, in vivo 
will stimulate bone induction at a site of bone infirmity. Such a result is predicated on 
appropriate cell homing and orientation along the defect edges, a result, which could not have 
been forseen, based on either Ahrens, or credibly considered, in view of Bonadio. Moreover, 
the combination of Bonadio and Ahrens could not have predicted the unexpected results of 
the claimed invention, the formation of organized, functional bone formation evidenced in the 
instant invention, nor do they render obvious the likelihood of such formation at a site of bone 
infirmity. 

Further, Ahrens demonstrates differentiation of MSCs in vitro, and in fact, as 
described in the Declaration attached hereto (Appendix 2), mesenchymal stem cells, which 
are cultured and differentiated in vitro when implanted in vivo, do not form functional tissue, 
and lose their cell surface marker phenotype (De Bari C. et al., Arthritis Rheum. 2004 Jan; 
50(1): 142-50). Thus, in view of the art cited, Ahrens in combination with Bonadio do not 
credibly suggest that an ex-vivo cultured, BMP, much less a BMP-2 transduced/transformed 
mesenchymal stem cell will form organized, functional bone at a site of bone infirmity 
following implantation. 

Applicants maintain that the presence of autocrine and paracrine effects of expressed 
bone morphogenesis protein 2 resulted in the organized, functional bone formation at the site 
of bone infirmity. Applicants maintain that it would not be obvious to combine the teachings 
of Bonadio, which only credibly describes paracrine effects of BMP on bone formation alone, 
and Ahrens, which demonstrates autocrine effects of a group of osteoinductive compounds 
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to arrive at enhanced, organized, functional bone formation at a site of bone infirmity. 
Applicants maintain that combining the references of Bonadio and Ahrens do not credibly 
suggest cultured, progenitor cells transformed/transduced with a BMP-2 alone, would 
effectively form bone at a site of infirmity, much less, that such bone formed would be 
enhanced, and organized along defect edges, and providing functional bone, which could only 
be revealed by the claimed invention. 

Moreover, Applicant's unexpectedly discovered that ex-vivo cultured mesenchymal 
stem cells transduced/transformed with BMP such as BMP-2 form greater amounts of bone, 
than what is achieved by direct gene transfer, the presence of the protein, or differentiated 
cells secreting BMP-2, and that the bone formation is oriented along defect edges. Applicants 
results demonstrate bone formation, qualitatively and quantitatively, via the implantation of 
ex-vivo cultured, BMP-2 transduced/transformed mesenchymal stem cells, at a site of bone 
infirmity. Thus, a method of inducing organized (as exemplified in the subject Application in 
Example 11, by orientation of the bone formation along defect edges), bone formation at a 
site of bone infirmity, is novel and unobvious in view of the art. 

In addition, the Examiner has also rejected claim 27 in view of the above cited 
references, further in view of Wozney, imder 35 USC 103. 

Wozney describes expression of a BMP receptor for BMP-2 in cells responding to the 
growth factor. Applicants maintain, that since neither Bonadio nor Ahrens provide a credible 
basis for the use of ex-vivo cultured MSG transduced/transformed with BMP-2 alone, in 
inducing organized functional bone formation at a site of bone infirmity, then the engineering 
of such cells to further express a BMP receptor is not rendered obvious, in consideration of 
Wozney. 

Bonadio describes the use of an adenoviral vector for gene transfer experiments for in 
vivo bone regeneration, however adenoviral vector uptake is mediated by the CAR receptor, 
whose expression has been shown to be drastically diminished, if not absent in hematopoietic 
progenitor cells, as compared to their differentiated counterparts. Ahrens provides for in vitro 
responses of progenitor cells to a group of osteoinductive compounds, which include inter- 
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alia, a BMP, Ahrens provides no basis for the likelihood that implantation of such cells, 
transduced only with a BMP -2 vector, in vivo will stimulate bone induction at a site of bone 
infirmity. Moreover, the combination of Bonadio and Ahrens could not have predicted the 
unexpected results of the claimed invention, the formation of organized, functional bone 
formation evidenced in the instant invention, nor do they render obvious the likelihood of 
such formation at a site of bone infirmity. 

Thus, since Bonadio and Ahrens do not render obvious the methods of inducing 
functional bone formation via implanting ex-vivo cultured MSG transfected with BMP-2, 
Applicants maintain that Wozney, further in view of the two does not render obvious the 
engineering of such cells to fiirther express a BMP receptor. 

In addition the Examiner rejected claim 28 in view of the above cited references, 
further in view of Hattersley, under 35 USC 103. Hattersley describes the use of PTH and its 
receptor in the context of BMP -2. Applicants maintain, that Bonadio and Ahrens do not 
render obvious the methods of inducing ftmctional bone formation via implanting ex-vivo 
cultured MSG transfected/transduced wth BMP-2, and since the methods are not obvious in 
view of the art, neither is MSG expression of a PTH/PTH receptor. Therefore, Applicants 
submit that the additional reference does not render the instant invention obvious. 

Accordingly, Applicants request the Examiner to reconsider and withdraw the 
rejection of the claims under 35 U.S.G. 103. 

Accordingly, Applicants submit that the pending claims are allowable, and that 
Applicants have addressed all prior Rejections. Their favorable reconsideration and allowance 
is respectfully requested. Should the Examiner have any question or comment as to the form, 
content or entry of this Amendment, the Examiner is requested to contact the undersigned at 
the telephone number below. 
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Should any fee be due, the undersigned Attorney hereby authorizes the United States 
Patent and Trademark Office to charge Deposit Account No. 50-3355 for any fees required. 




Registration No. 42,425 
Attorney for Applicants 



Date: June 21, 2005 



Pearl Cohen Zedek Latzer, LLP 
Rockefeller Plaza, Suite 1001 
New York, NY 10020 
Telephone: 212 632 3494 
Facsimile: 212 632 3490 
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MORPHOGENIC PROTEINS 



DECLARATION UNDER RULE 37 C.F.R. 1.132 



Assistant Commissioner for Patents 
Washington, DC 2023 1 

I, Dan Gazit, a citizen of Israel, residing at 46 Perez Berenstein Street, Jerusalem, 96920, 
hereby declare: 

1. I am a Professor director the Biotechnology centre at the Hebrew University- of 
Jerusalem. I have a Ph.D. in bone biology from the Hebrew University, Jerusalem 
Israel. My fields of expertise are skeletal biotechnolog>' and developmental 
molecular biology. Specifically I have been involved in the study of Adult Human 
Mesenchymal stem cells and Skeletal tissue en^eering. 

2. My Curriculum Vitae and list of publications are attached herewith as Appendix 1 , 

3. I have read flie subject Application and have reviewed the patent Prosecution 
History, including the Office Action of June 15, 2004. The subject Application 
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describes inter alia, ex-vivo methods of transfoiming or transducing 
mesenchymal stem cells in vitro with a nucleic acid, which encodes for BMP-2 
protein, for the unplantation in a subject in need for bone repair or regeneration, 

4. Claim 24 of the subject Application recites a method of inducing enhanced, 
organized, functional bone formation at a site of bone infirmity in a himian, 
compiising the steps of: 

(a) transfoiming a cultured mesenchymal stem cell with a DNA 
encoding bone morphogenesis protein 2 (BMP'2); 

(b) culturing the cultured mesenchymal stem cell transformed in step 
• (a), under conditions enabling expression of said DNA encoding 

bone morphogenesis protein 2; and 

(c) implanting said cultured mesenchymal stem cell at a site of bone 
infirmity 

whereby autocrine and paracrine effects of expressed bone morphogenesis protein 2 
at said site of bone mfumity result in enhanced, organized, functional bone 
formation, thereby inducing fiinctional bone formation at a site of bone mfirmity. 

5. Iri the Office Action, the Examiner rejected the claims of the above-identified 
Application as allegedly being obvious to one sldlled in the art, based on Ahrens 
et aL (DNA and Cell Biology, Volume 12, NO. 10, pages 871-S80, 1993) and in 
view of United States Patent No. 5,763,416 (Bonadio et al.) and United States 
Patent No- 6,048,964. The Examiner asserted that Bonadio allegedly discloses a 
method of producing cultured or bone marrow stromal cells for implantation at 
the site of bone infirmity by transforming the cells with recombinant bone 
morphogenetic proteiru Specifically, tlie Examiner asserted 'the cited references 
comprise teachings that provide a reasonable expectation of success in treating a 
site of bone infirmity in a human through the use of cultured mesenchymal stem 
cells that overexpress BMP-2". 

6. The Examiner stated that Bonadio describes the use of bone progenitor cells 
transformed witi^ a BMP for stimulating bone formation, and tlieh: functioning 
via autocrine and paracrine effects is expected. Further, the Examiner 
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contended that the motivation to combine the Bonadio and Ahrens references 
need only take into account a reasonable expectation of success in treating a site 
of bone infirmity in a human through the use of cultured mesenchymal stem 
cells that overexpress BMP-2j and the fact that Applicants data demonstrates the 
presence of autocrine and paracrine effects such cells demonstrates the fact that 
these mechanisms are necessarily present- 

7. It is my opinion that the Examiner is incorrect in his assertion, Bonadio does 
not provide a credible foimdation for a method of stimulating bone formation at 
a site of a bone infirmity by implanting a mesenchymal stem cell 
transformed/transduced with a BMP-2 construct. Though Bonadio describes that 
progenitor cells are targeted by his gene transfer methods, such a conclusion is 
not credible, in lieu of a direct demonstration by Bonadio, since much of the cell 
population targeted by direct gene transfer is not a stem or progmitor cell, 
which represents a small population of cells in vivo, at a site of bone infirmity. 
Moreover, uptake of the DNA by such cells in situ, is known to one slcilled in 
the art to be drastically reduced (see for example, Rebel VJ. et al.. Stem Cells 
(2000) 18: 176-82; Zhao et al.. Blood (1994) 84:3660-6), such that Bonadio 
does not credibly provide a foundation that BMP gene transfer provides more 
than paracrine effects foi healing a bone infirmity. 

8. Ahrens discloses in vitro responses of progenitor cells to a group of 
osteoinductive compounds (which include, inter-alia, a BMP), Ahrens provides 
no basis for the likelihood that implantation of such cells, transduced only with a 
vector expressing a BMP, in vivo, will stimulate bone induction at a site of bone 
infirmity. Such a result is predicated on appropriate cell homing and orientation 
along the defect edges, a result, which could not have been foreseen, based on 
Ahrens. 

9- Further, Ahrens demonstrates differentiation of MSCs in vitro, which studies 
show (De Bari C. et aL, Arthritis Rheum. 2004 Jan; 50(1): 142-50) when 
implanted in vn^o, these MSCs do not form functional tissue, and lose their cell 
surface marker phenot^pe. Thus, in view of the art cited, Ahrens does not 
credibly teach an exclusive effect of BMP-2, nor for that matter does Ahrens 
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credibly provide for an exclusive effect of any BMP, on mesenchymal stem cell 
bone induction. One skilled in the art would not believe the MSCs of Ahrens to 
be able to induce enhanced, organized, functional bone, once implanted in vivo. 
The combination of Ahrens with Bonadio do not credibly suggest that an ex- 
vivo cultured, BMP-2 transduced/transformed mesenchymal stem cell will form 
enhanced, organized, functional bone at a site of bone infirmity following 
implantation. Certainly both references do not unequivocally demonstrate an 
effect of BMP-2 alone, on MSCs for stimulating bone induction, nor suggest 
their role in stimulating, enhanced, organized, functional bone induction, 
specifically at a site of a bone infirmity. 

10, Accordingly, it is my opinion that there is also no motivation to combine these 
references wife a reasonable expectation of success for inducing organized, 
functional bone formation at a site of bone mfirmity in a human by implanting 
an ex-vivo cultured MSG transduced/transformed with any BMP, and in 
particular BMP-2. Both Bonadio and Ahrens disclosures do not produce a 
population of cells capable of forming organized, functional bone at a site of 
bone infirmity, the former, due to the improbability of obtaining such a cell, and 
the latter, due to the improbability of obtaining a cell that would function in situ, 
and the fact that there isno osteoinductive compound functioning alone defined. 

1 1 . The combination of Bonadio and Ahrens could not have reasonably predicted 
the unexpected results obtained in the claimed invention, which resulted in 
enhanced, organized, functional bone formation at a site of bone infirmity. In 
vivo studies (Gazit et aU 1999, J Gene Med 1: 121-133, a copy of which is 
attached hereto as Appendix 3), "demonstrated tliat engineered progenitor cells 
(C3H-BMP2), in comparison to administration of 3 fig recombhiant human BMP2, 
or engineered non progenitor cells {CH0-BMP2) produced enhanced bone 
formation, and most surprisingly, that the formation was in alignment v^'ith the 
original defect edge, this despite the feet that greater amounts of BMP-2 were 
secreted from the CHO BMP-2 cells. 



effects of BMP-2, as neither Bonadio nor Ahrens credibly describe targeting of 
progenitor cells in siiu or lone effects of any BMP» in particular BMP-2. Thus, 
neither Ahrens, nor further in view of Bonadio credibly describe a means of 
providing the enhanced, organized, functional bone at a site of bone infirmity, as 
claimed in the instant invention. 

13. In view of tiie reasons and the facts described above, one skilled in the art would 
not be able to predict the enhanced, organized, functional bone induction at a 
site of bone infirmity produced via implantation of ex vivo 
transformed/transduced MSCs with BMF-2, as claimed in the subject 
Application. 

The undersigned further declares that all statements made herein of his own 
knowledge are true, and that all statements made on information and belief are 
believed to be true; and further that these statements were made with the knowledge 
that willful false statements and the like so made, are punishable by fme or 
imprisonment, or both, under Section 1001 of Title 18 of the United States Code, and 
that such v^llful false statements may jeopardize the validity of the application or any 
patent issuing thereon. 
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Abstract 

Adeno\1ru5 vectors have bcDn used to transfer genes 
into both hcmafopolciic progenitor cells and tumor cells, 
including cfirdnoma cells that have metastasized to bone 
roarraw (BM). However, the relative susceptibility of 
dlftcrent subsets of bematopoietic cells is unknowo. In 
permissive ccDs adcnovfral-mcdloted gene transfer is 
mediated by the coxsackicviras and adenovirus receptor 
(CAR) protein and (Xy integrins expressed on the cell sur- 
fnee of the target cctls^ This prompted qs to investigate 
the expression of CAR on snbpopulatioas of hcmntopoi- 
cfic cd!s, determine wlicthcr this protcm played a role in 
adcnovirus-mediated gene transfer of hcmatopolctie 
cells and whether could modulate CAR to enhance 



iNIRODUCnON 

The easy accessibility of hematopoidic progenita cells 
and their abHiiy to generate long-tenn progeny in viva are 
two cbaraclerisdcs that make feese cells important targets for 
gene \herspy. For this purpose, a wide variety of viruses have 
been used inciuding retro-, adeno-, adeno-associated, and 
Isntiviruses [1-6]. Adenoviruses are able to infect noncycling 
cells and can be cones ntrsted to extremely high titers; how- 
ever, gene ei^iression is transient Thus, for gene therapy 
applications in which tmnsient gene expression is desEred, 
adenovirus may be the preferred vector for gene delivery into 
quiescent hematopoietic pro^nitor cells Examples are the 
delivery of the amphotrqpic retrovii"al receptor or a mitogen 
to increase the sensitivity of cells to subsequent retroviral 
infection or improve the success rate of integraticm of a 
retrovirus-encodcd transgene into the genome, respectively 



gene transfer efficiency. In this report we show tiiat 
CAR is expressed on approximatdy 40% of aH human 
BM ccUs, in eluding erythrold and myeloid cells, but not 
lymphoid cells. Of the CD34* ccUs, 10%-15% expressed 
CAR, but this did not include most colony-fomung prog- 
enitor cells, nor tltc most primitive CD38~ sabpopula- 
tion. The presence or CAR corr^ated wcU with gene 
transfer efficiency, but we were unable to induce CAR 
expression on immature, noncomxnittcd progenitor cells. 
In conclusion, our results show that primitive hemato- 
poietic progciutor cells lack CAR expression, but that 
expression is acquired during cry&roid and myeloid 
diffcrcntiatjon. Stem CcUs 2000:18 176-182 



[7, 8J . The susceptibility of CD34* hematopoietic progeni- 
tor ceDs to adenovirus is somewhat controversial. Recent 
studies sug^st that adenovirus vectors carrying a "suicide** 
gene may be suitable for bone manow (BM) pinging of 
cancer cells; in these experiments the breast carcinonia cells 
tested were much more easily transdoced than freshly iso- 
lated BM cells, which were rsUitively resistant [9, 10] 
Because of interest in using adenovb^s as a purging vector, 
it is extremely important to establish the susceptibility of 
primhh^e BM cells to infection and the different mecha- 
r>isms by which virus may enter the cell , 

Cellular infection by adenovirus is a multistcp process 
that involves die interaction of the trimeric fiber protein and 
the pentameric penton base protein of the virus with specific 
receptors on the target cells. First, the vims aiiactics to the 
cell, a process mediated by the fiber protcm The cellular 
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recq)tor for the fiber piotdn was recently identified with the 
isolation of the common coxsackie and adenovinis receptor 
(CAR) protein [II]. After anacfamenl, virus internalization 
and membnme pecmeabilizatioQ occur through the interac- 
tion of the penton base protein with a» integrins on the tar- 
get cells [12] Although odsnovlnis infection is most 
efxicient when both CAR and oEv integrins are present on the 
target cells, there is increasing evidence for successful ade- 
novirus-mediated gene transfer using alternative pathways 
that circumvent the lack of either type of receptor [13, 14]. 

Adenovirus infection of human CD34* hsmatopoicdc 
progenitor cells, a population that includes long-term repop- 
uhiting stem cells, rcqunes certain culture conditions and a 
high multiplicity of infectious (MOI) particles ps- cell [2] 
Compared to ccttmn primary cells or tomor ceil Imes, the 
rdatjvely inefficient adcnoviras-mediflted gene transfer of 
hematopoietic progenitor cells may be in part due to the lack 
of expression of Ov integrins on their cell surfece [15, 16). 
Little is known about the expression of CAR on hematopoi- 
etic cells, although tnRNA for the CAR protein has been 
dsmonstmtcd in CD34'*' cells i^tated from leukophsrcsis 
products [17], In light of these findings, we wanted to inves- 
tigate whether the CAR protein is e^qnessed on the cell sur- 
face of subpopahtiDns of hematopoietic cells. If S0| we were 
interested in answering the foUoiving questions: A) does the 
expTKsion of the CAR protehi cocrelate with susceptibiiity 
to adenoviral gene transfer m hematopoietic celts and B) can 
\w identify cytokines that modulate the expression of CAR 
and therefore the gene transfer effitaency? We show that 
CAR exprfflsion on freshly isolated BM cells is maraly 
found on differ^tiated crythroid and myeloid cells, on a 
small proportion of CD34* progenhor cells, but not oo lym- 
phoid cells Gene delivery into freshly isolated CD54^ cells 
correlates well widi the level of CAR expression, but still 
requires large amounts of virus 

WUrtsuAXS AND Methods 

Preparation of Human BM CcQs 

Discarded bags arjd attached filtecs from BM haivesls 
of normal donors were rinsed with Iscov&'s modified 
DuIbecco*s. medium (IMDM) (Life Technologies; Grand 
Island, NY; httpi/ZiA'ww lifetech.com) containing 2% fetal 
bovmc serum ([FBS] Sigma Chemical Co.; St. Louis, MO; 
httpiZ/ft-wivsignia-aidric^cora) to obtain the remaining BM 
cells The cells were then cenirifuged over a layer of 
Histop2queF'-1077 (Sigma) to deplete eiythroid and gnmulo- 
cytic cells. The cells were frozen Qn WSDU, 50% FBS, J0% 
dimsthylsulfoxide [Sigma]) and fiirther separated on the day 
of the experiment. CD34^ progenitor cells were enriched 
usmg a positive selection method as recommended by the 



manufacturer (Ceprate tC separation system, CellPro; 
BotheIi.WA) 

Cell Stahiing and SorCiag 

Flow cytometric detection of CAR on the cell surface was 
performed using the monoclonal antibody (mAb) RrocB [IS], 
which was either directly conjugated to fluorescein isolhio- 
cyanale (FfTC) or phycoerythrin. To define Ihe different 
hematopoietic subpopuladons and their expression of CAR. 
BM cells were simultaneousiy stained with anti-CD34-cya- 
nine 5 (Becion Dickinson; San Jose, CA; ht^://www.bd.com), 
KmcB-FITC, and a mAb directed agamst one of the following 
lineage msikers: CD33, CD 1 4, or C2D38 (Becton Dickinson), 
glycophorin-A, C3D4 together with CDS, or CD19 
(PhaiMin^; San Diego, CA; bt^r/Avww.pharmingen com). 
In every e}qjeriment irrelevant isotype controlled mAbs were 
used to dsiemixne background stairnng. AH staining proce- 
dures were done in phosfrfiate buffered saline ([PBS] Life 
Tedinologies) that contained 2% FBS . The cell labeling was 
performed on ice (35 rain) after wliich the cells were washed 
twice Propidium lot^de ({Fl] Sigma) (2 pg/mi) was added dur- 
ing tiw second v/ash priw to resuspension m PBS, 2% FBS 
Three-color flow cytometric anabasis and cell sorting were pK*- 
formsd on a Coultff Epics" Elite ESP (Coulter, Hialeah. R-; 
httprZ/faeckmancoulter com) 

To analyze individual colonies for CAR expression, 
colonies were plucked from raethylcellulose (MC), incu- 
bated for I h in PBS containing 2^^ FCS, to allow the MC 
to dissolve, spim down once and subsequently stained with 
the appropriate mAbs- Two-color fluorescence-activated 
cell sorter (FACS) analysis of the MC colonies nnd the sus- 
pensicm cultures {see later) were analyzed on a angle laser 
FACScan (Becton Dickinson; Mountain View, CA) 

C^toay-Forming CeO [CFQ Assay 

To determine the CFC content of die sorted CD34* BM 
cells, cells were plated in IMDM/0 9% MC media (Methocel 
MC, Fluka; Bochs, Switzerland; httpjVwww sigma- 
aWrichcom) containbg 30% defined FBS (HyClonc 
Labomlories Inc^ Logan, UT; http://www.hyclone.com) and 
the following human recombinant cytokines: Steel factor 
aSFJ 50 ng/ml), inlerleufciQ 3 (flL-S j 20 ng/ral), GM-CSF {20 
ng/ml), and erythropoietin ([Epo] 3 U/ml). IL-3, R.-6, and 
GM-CSF were generous gifts from Genetics Institute 
(CZambridge, MA; httpVAvww.genetics com). SF and Epo 
were purchased from R&D Systems (Minneapolis, MN; 
ht^://www-mdsysiems.com) Duplicates of 1,000 cells (or 
as otherwise indicated) per 35 mm dtsb were plated. 
Colonies were scored in situ afrer 14-20 days of incubation 
at 37°C in a humidified atmosphere of 5% CO^ in air using 
wcH-estabiished criteria [19]. 
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Senim-Frec Sospeosion Cultures 

Enriched CD34* BM cells were cultured in serum-free 
medium prepared as described previously [20]- Cells were 
initially culmrcd in 1 ml volumes in 24-well culture plates 
and kept at a density below 1x10* ccUs/inl The medium 
was supplemented with various combinatiDas of the fol- 
lowing cytokines: SF (50 ng/ml). Fll-3 ligand {[FI] 100 
ng/ml), IL-6 (10 ng/ml), tt.-3 (20 ng/ml), IL-1 1 (25 ng/mlX 
GM-CSF PO ng/ml), and Epo (2 U/rol) FL wns kindly pro- 
vided by Immunex (Seattle, WA; httpzA/www-immunexcom) 
and IL- 11 by Genetics Institute The cultures were maintained 
at i7°C m a humidified atmosphere of 5% COj in air. Al sub- 
scquHit days, the cultures were harvested, viable cells (exchid- 
ing tiypan blue) v^re counted using a heniocytometer and 
phenoiypic analysis was performed as described above 

Adenovirus Construction and Preparation 

The adcnovinis vector that contains the green fluo- 
rescent protein gene (AdGFP) was kmdiy provided by 
Bob Carter and Richard MuUigan (Howard Hughes 
Medical Instimiion, Children's Hospital, Boston, MA; 
■ httpV/www-hhmi org), and was constructed by first sub- 
cloning the GFP cDNA into pAdk>x» a shuttle vector that 
contains a single ioxP site. This expressitm cassette was Hn- 
earized and cotransfected into CRE8 cells with (he ^5 
helper vims, which is an EI - and E3-delelcd version of Ad5 
that contams loxP sites flanking the packaging site. 
Recombination occurs between the two linear molcculss at 
the foxP sites [21], We then plaque-purified the virus snd 
expanded it on 293 cells using standard techniques. Each 
virus inoculum \vas purified by a CsCI step gradient fol- 
lowed by a CsCl equiiibriuni gradient, dialyzed against a 
glycerol bixffer and stored at -20*t;^. 

Adeno\iraI Infection Protocol and Analysis 

After a short culture period (-4 h) CD34*-enriciied cells 
were incubated with AdGFP for 20 h at 37°C, at a MOT of 
500, or otherwise indicated. The incubations were done in 
semm-free medium, supplemented with SF, FL, R.-6, nod 
Epo in 100-200 }U vohimes in 96-weIl plates when <10^ 
cells were to be infected, or in I pi cultures in 24-weII plates 
when the cell nurafaer was between 10*- 10^. The analysis by 
FACS for green fluorescence intensity as a measure for gene 
transfer was paformed imraediatefy afier the 24 h of cutoe. 

KZSULTS 

Expression of CAR on the CeQ Surface of Suhpopulotions 
of Hcmslopoidic Cdls 

BM cell suspensions were stained with mAhs directed 
against CAR and various lineage markers r^resentath'e for 



Adenovinis Receptor Expies^oQ la HemafoptH^c C^ls 

erythroid (glycophorin-A), myebid (CD33 and GDI 4), and 
lymphoid (CD19 and CD4/CDS} cells Figure 1 shows tcpre- 
scDtativc FACS profiles: CAR is expressed on -^/o oi total 
BM cells, inchidhig glycophorin-A* cells, CDI4^ and CD33* 
ceDs In contrast, very few CAR* cells can be demonstrated 
among the lymphoid CD19* or (3)4/8* cells To identify 
CAR expression oa more primitive hematopoietic progenitor 
celts, BM cells were stained with a cocktail of mAbs identi- 
fymg CD34, CD38, and CAR, From Figure 2A it is immedi- 
ately dear that the level of CAR expression on CD34+ cells is 
considerably lower than that on mature myeloid or erythroid 
cells (Fig. 1). Only 10%-15% of CD34^ cells express CAR at 
a level comparable to that of, eg, CAR-*CD33* cells (box 2, 
Fig 2A) and l%-2% express high levels of CAR (box I, 
Fig. 2A) Counierslainmg CD34*CAR* ccfls with a combi- 
nation of lineage markers (glycophoria-A, CD 1 4, CD33, 
CD38, CD 19, CD4, and CDS) revealed that these cells 
expressed one or more of these markers (data not shoviTi). 
This finding suggests that CAR expression on hematopoi- 
etic BM cells m£^ be Itraited mostly to mature erythroid and 
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Figure L CAR is expressed on the ceil sutface of erythroid and myeloid, but 
not fymphoid cells, Dep'tcfed are representaiive prqfdes of live (Pf-) xmsepwated 
BM mononuchar ceJb 
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myeloid cells and a small proportion of committed progeni- 
tor celis. Indeed^ when CAR expression was dcterminBd on 
CD34*CD38" cells, a popatation of cells that contains 
primitive nonobese diabctic/Krvcre combined immunodefi- 
ciency (NOD/SCID) rqjopdaling cells [22, 23], CAR 
expression was not detectable (Figs. 2B and IQ. 

CAR ExpnssioD on CFC 

Tbe phenolic analysis suggested that tbe majority of the 
CD34* progenitor cells does not express CAR We wanted to 
investigate whether ^ctiooal analysis could validate this result. 
CD34* BM cells were sqjarated on the basis of CAR expression 



as indicated in Figure 2A (box 1-3) and the different subsets 
were then analyzed for th^ability to fonn colonies in MO- One 
suc^ analysis is ^own in Table 2. Most of the colonies are 
recovered in the CAR" &action, a distribution that is in 
accordance with the relative CAR expression on CD34* cells. 

Since the progeny of CFC are more differentiated cells, 
we were interested to detennine the CAR expression on these 
cells Individual cobnics from the CAR- fraction were there- 
fore isolated and the ccDs stained with an onti-CAR mAb 
together with the appropriate lineage nnaricer to confirm the 
morpholo^cal sppearancs of the colony Colonics scored as 
BFU-E were counterstained wtdi glycophorin-A and colonies 



Figure 2, CD34*CD38- pn^eni* 
tor ceUs do not ta^ress CAZ. 
CD34*'sehcted celb were 
stainsd wi/h mAb directed 
against ths. indicated cell staface 
antigens SJtoim arc r^resenta- 
thfB FACS profiles from li\>e (PI'} 
cells. A 2n this experiment I J 4% 
of all CDS 4* cells expressed 
intermediate levds CAR (box 
2) and 12% Jtigh levels (box J). 
B Sirnidtaneoits staining witli 
anliCD34 and amtCDSS jnAbs revealed tltat tiie CD34*CD3^ cells fmdicated by tite celb in box 4) do not express CAR (C} 
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Data represent odc of two cxpcnrocnts; the other cjqieriinenl ^wcd voy similar resuhs 

'COM* crib 9/erz sorted as indicated in Figure 2A (bows 1-3} Duplicatis of I ^00 cdls per tfisb were ptstcd 

The rcarvoy wes calcobtcd as follows: for cadi subset and tjTJC of colony, ths observed ntmiber pzt 1 0* cells was miihiplicd by flic ic^ttvc 
fraction that (he subset rqircscatcd of the total CD34* cdls lids corrected acmbcr was thco dh'idcd by the total number of colonies recovered 
(i c , tlie sm of (be corrected colony numbeis of the ibicc sublets) and multiplied by 109. 
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JFigare 3, CAJR* celb can be 
fotuid among ilie progeny of all 
types of CFC Shown are repre* 
seniativs FACS profiles of live 
(Pt) celJv obtained by plnckmg 
MC colonics 14 days after the 
cells isad beeti plated. Erythroid 
colonics (A) mostly showed a 
profile as presented here, but 
occasionally a level of CAR that 
\vas comparable to that of cells 

obtained from CFV-G/M/GM 

colonies (B) was detected. (Q 

hfaed lineage colonies contained cells from the er^dtraid, myeloid and mcgakaryocytic lineage 
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Figure 4 Expression of CAR 
cerreiates %viih odeaovimS' 
mediated gene transfer efjfh' 
dauy^ Pre-enriched CD34* 
oiiis were simultaneottsly stained 
with anti-CAR and anti-CD34 
mAtts CD34* cells were sorted 
on the basis of CAR as indkaisd 
by the boxes- The rasu^is of 20 b 
exposure to AdGFP dwhig a 24- 
h cidmre. period far cadi fmctimt 
are shown in the figure. Each 
data point wifb MOI 500 consists 
of two to three ittdepcttdsnt 
experiments. TJte data points 
abtaiaed iWiJfr AfOI 50 represent 
a singie experiment CAI^ ceils are CD34* celh that express intermediate levels of CAR. im ^ mtermediate 
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scored as granulocytic and/or monocytic (CFU-G/M/GM) 
were coimtcrstained with CD33. The muldrmeagc colonies 
(CFU-OEMM) were also stained with CD33 to identify tiie 
myeloid component in on often doniinant eiythroid appear- 
ance. Figure 3 show's the various types of colonies that were 
identified fc*y flow cytometry. A large proportion of ceDs iso- 
bted from eiythroid colonies slained brightly poshivc for 
CA3^ (Fig. 3A) Cells fiora myeloid colonics all stained inter- 
mediate positive for CAR (Fig. 3B), as did the CFU-GEMM, 
but the level of CAR expression was on average lower than 
that of the myeloid colonies (Fig 3C). Thus, while the nuyor- 
hy ofclonogenic progenitors is CAR- (Table 1), iheirprogeny 
show an increase in the level of CAR expression CFig. 3). 

Adenoviral Gene Transfer Efficiency in Relation to CAR 
ExprDssion 

To determine whether there was a correlation be{\7een 
CAR expression and efficiency of adenoviral gene transfer 
m CD34'^ cellsj CD34* cells were separated on the basis of 
CAR expression, and the differsat fractions were cuhurcd 
for 24 h. thning the last 20 h of culture, cells were exposed 
to an adenovirus constnict that contamed the gene for the 
AdGFP After 24 h, the culture was then analyzed by FACS 
for GFP expression (i e , green fluorescence intensity). 
Figure 4 shows the combined results of three such experi- 
ments. The best gene transfer efficiency was indeed 
obtained with csIIe thai expressed the highest level of CAR 
(CAR** cells); 64 4 ± 132%, compared to 6.g ± 1.4% m 
cells that did not express CAR (CAR- cells). The cells that 
expressed intermediate levels of CAR (CAR** cells) 
showed inlcrnicdiate levels of gene transfer 32.8 i 18 8%. 
This effect was dose-dependenl; decreasing the MOI 10- 
fbld reduced the gene transfer rate considerably . Thm, the 
level of CAR expression on freshly isolated CD34* BM 
cells comsiates well with the proportion of GFP* cells after 
a 24-h exposure to AdGFP. 
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Days in culture 



Figure 5, CAR* ccUs produced in culture ere tnosify CDS4-. 
Presented is one cf three experiments, shtnv'mg the number of 
CAR* cells (CD34^ and CDS4') titat mitiatedthe cultvre at day 0 
and tite produaion of CAR* cells (CD34*^ and CD34^) a! subse- 
quem tiays^ 77te m/mficr of celb was calculated b)f multiplying the 
toted cell mmberby tite fraction of celts cf a particular ^enoiype 
obtained by FA CS analysis 

Qtoldnes Da Not Induce CAR Expression 

BM cells enriched for CD34* progenhor cells were cul- 
tured under semm-finee conditions to detemaine whether one or 
a combination of cjioldnes couW induce CAR expression on 
such cells. The followmg cytokines were tested in one, two. 
and four-day cultures;, either alone or in combination: SF» FL, 
11^ lL-3, n--n, GM-CSF, and Epo. No cytokine or combi- 
nation thereof— 33 conditions were tested — could be identi- 
fied that showed a superior effect on CAR e^q^ression (datn not 
shown). All subsequent cell cultures were therefore psifoimed 
in seium-freB medium, suppiemented with SF, FL, IL-6, and 
Epo, a culUffe condition demonstrated to maintain the most 
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primitive hemntopoicdc cells [1» 24» 25]. Over a seven-day 
cuhure period* the number of CD34*" cells that express CAR 
stays neariy constant (Fig. 5) . However, the number of CD34- 
celb that express CAR increases dramatically with time Thus, 
as CD34* cells lose €034 ejqpression, they acquire CAR. This 
resuk, togctha' with the phcnotypic analysis and functiDnal 
CFC data, suggest that expression with CAR in hcmclopoictic 
cells is related to myeloid and erythroid differentiation 

Discussion 

Adenovinis-mcdiated gene tiansfer is highly efncicntin per- 
missive celts, such 85 Heta ccQs, or nonpeirnssivc cells staUy 
mfected with the gene encoding CAR [U, M] In contrast, we 
. ^Dw here that the transditction of genes into jHimitive CD54* 
hematopoiettc cells by an adenovims ctmstnict is not very effec- 
tive In otir hands, only 15%-20% of CD34^ ceBs exposed for 20 
h to adenoviras were tmnsduced, a residt thai directly coirelalad 
with the level of CAR expressed on Qje cell sorfaoe However, 
CAR o^sression was found to he assoc^ted with cellular differ- 
entiation These results predict very low adcnovirus-mcdialed 
gene transfer into immature long-term rcpopulating hematopoi- 
etic stem cells (HSCs). Indeed, in one experinffint in vAnai puri- 
fied CD34*CD38- cells were exposed to AdGFP for 20 h of the 
24 b in culture, only 2% gene transfer efficiency could be demon- 
stiated (data not shown). Ttee results appear to contrast whh a 
previous repait showing thai quiescent CD34*CD3S- cells were 
GFPafiaejqwaueto an adenovins GFP coostmct [2]. Several 
reasons may account for this difierencc: first, the postinfection 
time allowing for gene exprKsion (24 h in our experiment versus 
48 h), and second, the slaxtii^ population tM was infetied We 
infected purified CD34*CD38-ceiis, whereas J^eerz/i^e/ a/ used 
total CD34* cells and analyzed the proportion of ttansfectcd 
CD34*CD38- ccHs by FACS- It is possible that there arc acces- 
sary cells present in the CD34^cell population that faralitatcgcne 
transfer into other cells The medianism by which this occurs is 
undsar, but it is templing to speculate that these cells produce 
certain cytokines that upreguiate ceD surfcce molecules, as yet 
unidsntified, that are important for adenoviral infections in prim- 
itive hemalopdstic cells. Interestingly, altbougjh adenoviral gene 
transfer into human priirutive cells is ineSicienE al best, marine 
long-lcnn rq)oi»jlating HSCs are quite efficiently tiansdudbls 
wilb The same construct (unpublished data, 1999). 



SeN'eml approachs have been taken to inqirove adenovims 
infection of otherwise nonpermtssive ceQs, such as modulating 
Ihc viiai surface stmctures with y^ch the vims may attach to the 
target cells and the use of agents to Militate the virus-taiget cell 
bindmg [26-2S]. Our appmach, i^, trying to induce CAR 
expression on hematopoietic pmgenitor ceSs, has so &r been 
unsuccessful The cytokines we tested were chosen based on 
previous studies describing their (relative) baieficial effect cm 
CD34* cells in maintaining NOD/SCID mouse repcpuhting 
aHlity [I, 29, 30J. Bccaiee our goal was not only to induce 
CAR, but also to maintain pbenot)/p&/iunction, the cytddnes 
that were tested were limited to SF, PL, IL-6, 11^3, H^ll, GM- 
CSF, and Epo However, smdies mth other cell types may 
point us towards examining other cytokines, not usually 
thought of m relation to culturing CD34* cells. In this r^ard 
it is of mterest that IL-2 was found to induce the expression of 
the fiber receptor on the cell surface of lymphocytes, whereas 
this receptor was undetectable in noncultured, freshly isolated 
lymphocytes [31]. Whether this receptor was indeed CAR 
needs to be verified, or, for exampie the awfe intcgrin, as oth- 
ers have shown to be involved in adenovirus binding to 
human moooctic ceBs [32]. hrlerestingly, a small subset of 
CD34* cells do express this integrin [33] and may provide a 
tool to improve adenovirus-mcdinled gene transfer into 
hematopoietic progenitor cells. 

hi concmsion, our resuhs deariy demon^te that CAR is 
expressed on heirratopoiedc cdls and that its ciqpression is 
direclly related to the suscepdbili^ of these ceDs to adenoviral 
gene transfer. We also demonstrate that the majority of CAR* 
hematopoietic cells arc lines^-committed cdls and not the 
more piiraitive CD34+ progenitor cells- Our findings, along with 
those of oftcTS [2], that high MOh are needed to successfully 
infect hematopoietic ceQs wi& adcnovhusi, si^ggest that at low 
MCI, adenovirus may provide a good vehicle for oncolytic ther- 
apy in cancer, 
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